
1. Introduction

Geo-positioning of high resolution satellite image is
the most important pre-processing step. Geo-
positioning is involved in the process of establishing a
geometric relationship between image space and object
space, and thus enables image coordinates to transform

ground coordinates in a map projection. In this step,
there are two central requirements -speed and accuracy.
So far, a number of researchers have made an effort to
improve geo-positing accuracy, but most of them
include a human element. These days, however, we are
retrieving huge amounts of satellite image data, and
these data should be processed as soon as possible.
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What is more, the number of earth observing satellites
is expected to continue growing (Euroconsult, 2010).
This is the reason why speed is a crucial factor in the
geo-positioning step. Not surprisingly, the need for an
automated geo-positioning process to achieve near real-
time results and boost cost-effectiveness has become
increasingly urgent in recent times. In general, the
rational function model (RFM) is preferred to explain
the geometric relationship for high-resolution satellite
images. This is a common mathematic model, which
is constructed with rational polynomial coefficients
(RPCs). These RPCs are computed by each satellite
system based on orbital position and orientation and a
rigorous physical sensor model. However , RFM
constructed from RPCs alone do not meet accuracy
requirements. That is because RPCs cause inevitable
errors from the uncertainty of GPS receivers, star
sensors and gyroscopes. For example, RPCs accuracy
of KOMPSAT-2 (the Korea Multi-Purpose Satellite-
2) is about 80 m (90%) in the horizontal direction (Seo,
et al., 2008). This accuracy is definitely not sufficient
with regard to geospatial information production. Of
course, many methods have been proposed to solve this
problem. All of these methods are referred to as the
bias-compensation method. The bias-compensation
method generally needs precise ground control points
(GCPs), which include ground coordinates and their
corresponding image points (Fraser et. al., 2006). GCPs
can be obtained from GPS-survey or precise reference
data. The most common way to collect GCPs is to use
GPS-survey. This is the certain way to get the best
performance, but is time-consuming and laborious.
Moreover, this kind of field-survey is not feasible in
remote and inaccessible areas (Oh and Lee, 2014).
Accordingly, many researchers have begun to make an
effort to reduce the necessity of GCPs and to increase
cost-effectiveness by automating the entire process
(Inglada and Giros, 2004). Among others, some
remarkable studies have attempted to only use the
shuttle radar topographic mission (SRTM) DEM,

without GCPs collecting. SRTM DEM is near-global
elevation - freely available online, with spatial resolution
of 90 m. Goncalves (2006) carried out the correlation
matching between a relative DEM derived from SPOT
stereo-image and SRTM DEM, resulting in an accuracy
that is about 10 m. Ataseven and Alatan (2010) has
considered the matter from another view point - SRTM
DEM is projected in IKONOS images space - to
improve geo-positioning accuracy. This, however, has
a limit for massive satellite images, requiring rapid
updating and refinement. That is why relative DEM
generation is a very arduous, time-consuming process.
Therefore, Oh and Jung (2016) proposed a new
approach to overcome this limitation. To begin with,
this approach does not need relative DEM generation.
Instead, tie points derived from stereo-image randomly
are needed. Next, another step is finding the maximum
correlation position by matching tie points to DEM,
resulting in refined tie points. Finally, these refined tie
points enable the establishment of the corrected RFM.
In experiment results, the accuracy calculated by check
point was within 9 m in X-, Y-, Z-direction
respectively. However, a few systematic errors still
remain in the portions of the image area after this kind
of proposed processing. This is why Oh and Jung
(2016)’s approach supposes that the errors of all tie
points are the same. These results indicate that partial
adjustment may be needed depending on different
positions in the image area. However, if SRTM DEM
is used as reference data, it may not work, on account
of the limited accuracy in SRTM DEM. In the
approach proposed in this study, accuracy according
to DEM quality was compared and analyzed using
high resolution National Geographic Information
Institute (NGII) DEM. Experiments were carried out
for a KOMPSAT-2 stereo-pair image. The accuracy of
the proposed approach was compared to check-points
acquired by GPS survey.

Korean Journal of Remote Sensing, Vol.33, No.1, 2017

–70–



2. Study Area and Test Data

1) Study Area and KOMPSAT-2 Stereo-Pair
Image
In this paper, we used one KOMPSAT-2 stereo-pair

image acquired at Busan, Korea, which is located in the
Korea (Fig 1). It contained plains, lakes, mountains and
man-made structures such as buildings, roads, and
bridges. The stereo-pair image consisted of a left image
with -2.0˚ look angle and a right image with 20.8˚ look
angle and were acquired on 17 December 2011 and 22
April 2009 respectively. The study area has some
height variations. It has average and standard deviation
of height at 212.1 m and 200.9 m respectively (Table
1). Furthermore, the study area includes some slope
variations. The mean and root mean square deviation

of terrain slope were about 12.7 and 9.6 deg.,
respectively. It is notable that these topographic features
would have an influence on the accuracy of the
proposed approach. This is because the Oh and Jung
(2016)’s approach does not work if the study area is
perfectly flat. This constraint stands out well in the
study area. In other words, the study area is suitable for
carrying out this research.

2) SRTM DEM and NGII DEM
The DEMs acquired for this research were 90 m

spatial resolution SRTM DEM and 5 m spatial
resolution NGII DEM. Oh and Jung (2016) carried
out the accuracy experiment only using SRTM
DEM. On the other hand, if a high-resolution DEM
is used rather than SRTM DEM, the accuracy of the
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Table 1.  Characteristics of KOMPSAT-2 stereo image pair used for this study

Parameters
Study area

Left Right
Acquisition time 2011-12-17 2009-04-22
Look angle (deg.) -2.03 20.8
Spatial resolutiom (m) 1
Mean and std. dev. of height (m) 212.1 and 200.9
Mean and std. dev. of slope (deg.) 12.7 and 9.6

Fig. 1.  KOMPSAT-2 stereo pair used in this study: (a) Left image, (b) Right image.
(a) (b)



Oh and Jung (2016)’s approach could be expected to
improve. For this reason, we conducted a comparative
experiment using 5m NGII DEM provided by the
National Geographic Information Institute (NGII). In
2014, NGII tested the height accuracy of SRTM DEM
and NGII DEM for all South Korea (Table 2). For NGII
DEM, the maximum and minimum height error were -
23.6 m and 0 m, respectively. The mean, standard
deviation, and RMSE were -0.7 m, 4.8 m, and 4.9 m,
respectively. On the other hand, for the SRTM DEM,
the maximum and minimum height errors were -21.4
m and 0 m, respectively. Mean, standard deviation, and
RMSE were -3.0 m, 4.3 m, and 5.2 m, respectively. The
RMSE and standard deviation for both DEMs were less
than 5m. The maximum error of NGII DEM was about
2 m higher than SRTM DEM. On the other hand,
SRTM DEM is about 4 times higher than NGII DEM
in the case of average of error. In other words, it can be

expected that NGII DEM improves accuracy of Oh and
Jung (2016)’s approach more than SRTM DEM.

3) Check Points and Tie Points
In order to test the performance of the proposed

method, 29 check points were examined for the study
area. The check points were acquired by GPS field
surveys, and were well distributed across the whole
scene, and measured at an accuracy of 0.1 m from
horizontal to vertical dimensions. Fig. 2 shows the
distribution of check points and tie points in the study
area. The total of 180 tie points were extracted from
stereo-pair image using the image matching method.
The extracted tie points were well distributed, and
included height variation.

3. Methodology

Fig.3 shows the flow chart of the proposed approach.
With conventional image match techniques, tie points
are extracted in the stereo-pair. RFM enables the
estimatation of the initial ground coordinates of the tie
points. Note that these initial ground coordinates
include errors in the RPCs . In other words, these tie
points are projected to inaccurate ground positions
depending on the geometry quality of the RPCs. The
next step is to determine those errors across the entire
tie points by means of correlation matching with DEM.
After successful refinement of tie points, we can
establish the corrected RFM.

1) Extraction of Tie Points
Tie points are geographical features, which are clear

in the stereo-pair image. Generally, automatic image
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Table 2.  Hight Accuracy of SRTM DEM and NGII DEM in the South Korea (Modified from NGII(2014))

Hight error
DEM max (m) min (m) mean (m) std. dev.(m) RMSE(m)

SRTM (90m) -21.4 0 -3.0 4.3 5.2
NGII (5m) -23.6 0 -0.7 4.8 4.9

Fig. 2.  Distribution of check points and tie points in the study
area. Study area included 29 check points and 180 tie
points. Open and solid diamonds denote the check and
tie points, respectively.



matching techniques are used for finding tie points. In
this paper, we used automatic image matching
techniques proposed by Wang (1999). The method
involves a feature point matching approach based on a
pyramid strategy. Since this method uses the sensor
model information, it is faster than structural matching.
More details can be found in Leica Geosystems (2004).

2) Calculation of Initial Ground Coordinates
The extracted tie points include image coordinates

in stereo-pair image but have no ground coordinates.
To estimate ground coordinates, the stereo-pair image
to the ground space projection has to be carried out
using RFM. Using inverse RFM, the ground
coordinates can be estimated. But, these ground
coordinates are incorrect because of errors in the RPCs
themselves.

3) Refinement of Initial Ground Coordinates
Initial ground coordinates of tie points, which are

estimated from RFM, have systematic errors. It can be
assumed that these errors are absolutely large but
relatively small. That is to say, errors of the initial
ground coordinates of tie points can be large, but the
error differences between adjacent tie points can be
small. From this assumption, the initial ground
coordinates of tie points can be refined by using
correlation matching between the heights of initial
ground coordinates and the heights of DEM (Oh and
Jung, 2016).

p(n.m) = (1)

Where p is the correlation coefficient, Zi and ZDEM

wi [Zi
_ ] [ZDEM (Xwi + m∆X, Yi + n∆Y) _ ]

Np

∑ 
i = 1

Zwi ZDEMwi

wi [Zi
_ ]2 [ZDEM (Xi + m∆X, Yi + n∆Y) _ ]2ZDEMwi

Zwi

Np

∑ 
i = 1

Np

∑ 
i = 1
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Fig. 3.  Flow chart of the Oh and Jung(2016)’s approach.



are the height of the ground coordinate for i th tie point
and the height of DEM corresponding to horizontal
ground coordinate (Xi and Yi). and are
averages of Zi and ZDEM(•), respectively. ∆X and ∆Y
are cell sizes of the correlation coefficient map in X and
Y directions. n and m are numbers of lines and pixels
for the correlation coefficient map.

4) Estimation of RFM Adjustment Model
Parameters

In Oh and Jung(2016)’s approach, the well-known
affine transformation is used RFM Adjustment Model.
This polynomial equation is added to image
coordinates respectively, resulting in the improved
positional information (Oh and Jung, 2016).

4. Results and Analysis

In this research, 29 check points were acquired by
GPS surveys, and then used for testing the
performance of the proposed approach using SRTM
DEM and NGII DEM. Firstly, the three-
dimensional geo-positioning using RFM was
applied to the stereo-pair image. In study area, the
average error calculated was 14.3 m in the X
direction, -91.7 m in the Y direction, and -5.2 m in
the Z direction, with a standard deviation of 2.2 m,
6.0 m, and 4.6 m in X, Y, Z directions respectively.
These results mean that the absolute errors of the
initial ground coordinates are large (~100 m) in all
directions but the relative errors are small (~6 m) in
all directions (Table 3). Secondly, 180 tie points were
estimated from ERDAS LPS software study areas (Fig.
2). The correlation coefficient map was produced from
the correlation operation between the initial height of
tie points and the height of DEM. This research
employed two DEM called SRTM DEM and NGII
DEM(hereafter called case A and B, respectively). In
case A, the estimated translation parameters were -

7.0 m, 97.5 m and 5.6 m, in X, Y and Z directions,
respectively. Finally, the ground coordinates of tie
points were refined by adding the estimated
translation parameters. The refined ground
coordinates of tie points were used to adjust the
exterior orientation parameters in the RFM
adjustment model. We tested the performance of the
proposed approach using SRTM DEM and NGII
DEM in case A and B respectively. In case A, the
means errors were improved from 14.3 m, -91.7 m, -
5.2 m to 7.3 m, 5.7 m, and 1.0 m in X, Y and Z
directions, respectively (Table 3). In case B, the
means errors were 0.6 m, -4.7 m, and -2.1 m in X, Y
and Z directions, respectively (Table 3). In Case B,
the X and Y directional mean errors were improved
by 5.4 m and 0.7 m, respectively, compared to case
A, but decreased by about 1.0 m in the Z direction.
Similarly, RMSE showed (7.6 m, 8.2 m, 5.0 m) and
(2.2 m, 7.5 m, 5.3 m) in X, Y and Z directions in case
A and case B, respectively. In addition, the standard
deviation of the errors remained almost the same. In
case B, the residual error in the Z direction somewhat
increases but it is considered to be due to the DEM
error in the study area. The horizontal RMSE showed
a large improvement of 11.2 m in case A and 7.8 m
in case B, respectively.

Fig. 3 presents the residual error vectors of the
check points after the bias-compensation for the
RFM. In case A, systematic errors still remained in
the whole image area (Fig. 3(a)). In case B, however,
it can be seen that the residual error in most areas
except for some flat areas (point ID - 1, 2, 6, 7, 8, 10,
11, 15, 20, 21, 25) is effectively removed (Fig. 3(b)).
That is because the proposed approach is more
advantageous in mountainous regions where the
altitude change is relatively large. Another reason is
that the proposed approach supposes that the errors of
all tie points are the same in X, Y and Z directions
respectively. In case B, experimental results show that
a higher accuracy can be obtained when a higher

Zwi ZDEMwi
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resolution DEM is used. These results imply that a
sophisticated adjustment may be needed for different
parts in the image area.

5. Conclusions

In this paper, we tested the performance of the Oh

and Jung(2016)’s approach using two existing DEMs
(SRTM DEM and NGII DEM). One KOMPSAT-2
stereo-pair image acquired at Busan, Korea, was used
as experimental data. The 29 check points were used
for the performance evaluation, and 180 tie-points were
extracted for improvement of the geo-positioning
accuracy. The initial ground coordinates of the check
points were estimated using RFM. For the residual
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Table 3.  Residual errors calculated from check points after removal of systematic errors using the Oh and Jung(2016)’s approach

Points ID
Initial RFM ase A(SRTM DEM) Case B(NGII DEM)

X(m) Y(m) Z(m) X(m) Y(m) Z(m) X(m) Y(m) Z(m)
1 -13.0 -121.9 -102.2 8.7 -0.6 -0.9 2.0 -11.0 -3.8
2 -14.1 -114.8 -101.4 11.4 4.5 -13.4 4.7 -5.9 -16.4
3 -12.2 -116.1 -100.9 7.1 6.1 0.0 0.4 -4.3 -3.1
4 -16.5 -109.5 -99.0 6.7 9.2 3.4 0.0 -1.1 0.3
5 -13.7 -110.0 -97.8 3.8 18.2 -0.9 -2.9 7.9 -4.1
6 -14.3 -111.6 -98.6 8.4 0.7 -1.1 1.6 -9.6 -4.1
7 -18.8 -110.7 -105.8 10.3 -0.6 0.7 3.6 -10.9 -2.3
8 -18.5 -105.8 -102.1 7.9 1.8 -0.9 1.2 -8.6 -3.9
9 -16.5 -104.5 -99.6 7.8 8.0 -13.6 1.1 -2.4 -16.7
10 -17.8 -105.8 -99.6 9.8 -2.8 -1.8 3.1 -13.2 -4.7
11 -17.6 -113.8 -106.0 6.4 -3.4 0.1 -0.3 -13.7 -2.9
12 -18.3 -121.0 -103.6 8.6 4.0 0.7 1.8 -6.4 -2.3
13 -15.5 -117.3 -101.0 7.5 6.4 7.1 0.8 -4.0 4.0
14 -17.1 -113.3 -102.7 6.2 11.3 2.0 -0.5 0.9 -1.2
15 -16.4 -108.8 -99.6 11.6 -0.9 1.8 4.9 -11.3 -1.2
16 -17.4 -114.9 -101.0 8.0 3.0 1.2 1.3 -7.4 -1.8
17 -12.1 -122.9 -98.2 6.3 6.8 2.5 -0.4 -3.6 -0.6
18 -15.7 -120.3 -102.7 4.8 11.2 3.1 -1.9 0.9 0.0
19 -15.2 -117.3 -101.3 5.5 14.5 4.5 -1.1 4.1 1.3
20 -17.3 -114.8 -100.8 9.1 -2.1 2.3 2.4 -12.5 -0.7
21 -17.6 -122.7 -107.0 10.0 2.2 5.5 3.3 -8.1 2.4
22 -16.3 -118.7 -104.3 4.0 9.3 -2.5 -2.7 -1.1 -5.7
23 -15.8 -117.1 -102.2 3.9 10.6 6.0 -2.7 0.2 2.8
24 -16.6 -108.9 -103.0 4.8 15.7 9.7 -1.9 5.3 6.5
25 -15.1 -106.5 -97.3 7.7 -2.0 -0.7 1.0 -12.4 -3.7
26 -17.6 -110.3 -99.5 7.7 5.0 2.3 0.9 -5.4 -0.8
27 -12.7 -111.8 -94.5 8.6 5.9 2.8 1.9 -4.4 -0.3
28 -13.1 -113.2 -101.9 5.6 8.4 7.2 -1.1 -2.0 4.0
29 -10.7 -118.7 -100.0 4.5 15.0 2.8 -2.2 4.7 -0.5

Mean(m) 14.3 -91.7 -5.2 7.3 5.7 1.0 0.6 -4.7 -2.1
Std. Dev.(m) 2.2 6.0 4.6 2.2 6.0 5.0 2.2 6.0 4.9

RMSE(m)
14.5 91.9 6.9 7.6 8.2 5.0 2.2 7.5 5.3
93.0 11.2 7.8



errors study area, the means were about (-14.3, -91.7
and -5.2 m) in the X, Y and Z directions. The initial
ground coordinates were refined using the Oh and
Jung(2016)’s approach. For the residual errors in the
case A and B, the means were significantly improved
to (7.3, 5.7 and 1.0 m) and (0.6, -4.7. and -2.1 m) in the
X, Y and Z directions, respectively, with RMSEs of the
check points of (7.6, 8.2 and 5.0 m) and (2.2, 7.5 and
5.3 m). In case A, systematic errors still remained in
the whole image area. In case B, however, it can be
seen that the systematic errors in most areas except for
some flat areas were effectively refined. It can be
concluded that the Oh and Jung(2016)’s approach can
be conducted more effectively by using NGII
DEM(5m) with higher resolution than SRTM DEM
(90m). Also, these results imply that sophisticated
adjustment may be possible for different parts in the
stereo-pair image.
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